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Abstract 
 
Identifying Ankyloglossia in Newborns at Paoli Hospital: A Quality Improvement Project 
Jill Schwartz, MSN, CPNP, IBCLC 
 
 
Background:  Ankyloglossia or tongue-tie, the tethering of the frenulum under the tongue, can 
adversely affect breastfeeding by causing a poor latch, maternal nipple pain, and poor milk 
supply. Not identifying this condition could lead to early breastfeeding cessation. Since nurses at 
Paoli Hospital are not using evidence-based methods of assessment, they may not be identifying 
all cases of ankyloglossia. In addition, the best evidence-based method for identifying 
ankyloglossia has not been established at Paoli Hospital. As popularity in breastfeeding 
increases, nurses need to know how to assess for ankyloglossia and should be aware of the 
effects of ankyloglossia on breastfeeding.   
Purpose:  The purpose of this DNP project was to: 1) compare ankyloglossia prevalence rates 
between the ATLFF (an evidenced based tongue assessment tool) and the prevalence rates using 
usual nursing tongue assessment, and 2) determine the best objective evidence-based method of 
ankyloglossia assessment by nurses among healthy newborns before hospital discharge at Paoli 
Hospital by comparing the BTAT to the ATLFF. 
Methods and Results:  This descriptive comparative design was conducted from October 1 - 28, 
2017 using a convenience sample of 130 newborns admitted to the Family-Centered Maternity 
Unit at Paoli Hospital. Prevalence was found to be 13.8% using the ATLFF and 3.8% as assessed 
by the nurses’ usual tongue assessment methods. The sensitivity and specificity of usual nursing 
tongue assessment methods relative to the ATLFF was 22% and 99%, respectively. The 
prevalence of ankyloglossia measured with the BTAT was 18.5% (185 cases per 1000 
newborns), compared to the prevalence measured with the ATLFF which was 13.8% (138 cases 
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per 1000 newborns). The sensitivity and specificity of the BTAT relative to the ATLFF was 
77.8% and 91.1%, respectively. Among the two raters, Cohen’s kappa for the ATLFF and BTAT 
was calculated to be 0.36 and 0.42, respectively. The intraclass correlation coefficient (ICC) 
between the ATLFF function scores was 0.77 (95% CI [0.55; 0.88]). The ICC between the 
ATLFF appearance scores was 0.78 (95% CI [0.12, 0.92]). The ICC of the BTAT scores was 
determined to be 0.79 (95% CI [0.56, 0.89]). Cronbach’s alpha for ATLFF function assessment 
was 0.79 (95% CI [0.73, 0.84]), while Cronbach’s alpha for the ATLFF appearance assessment 
tool was 0.82 (95% CI [0.76, 0.86]). The overall Cronbach’s alpha of the ATLFF assessment 
scale was 0.88 (95% CI [0.85, 0.91]). Cronbach’s alpha for the BTAT was 0.75 (95% CI [0.68, 
0.82]). 
Conclusions:  This quality improvement project found that usual nursing subjective assessment 
did not identify as many cases of ankyloglossia compared to ankyloglossia cases identified using 
the “gold standard” ATLFF. In addition, the findings suggest that the BTAT is an evidenced-
based tongue assessment tool that compares favorably to the ATLFF. Because the BTAT is 
easier to use, it is recommended nurses use the BTAT for timely ankyloglossia identification to 
facilitate early referral for frenotomy to achieve optimal breastfeeding outcomes. Future 
implications are to 1) develop an ankyloglossia assessment protocol for nurses that incorporates 
the BTAT for ankyloglossia assessment, and 2) measuring hospital ankyloglossia prevalence 
rates and breastfeeding duration before and after implementation of the protocol.  
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Introduction 
 
Ankyloglossia or tongue-tie, the tethering of the frenulum under the tongue, can 
adversely affect breastfeeding by restricting the tongue's movement to allow for a proper latch 
(Buryk, Bloom, & Shope, 2011; Emond et al., 2014; Manipon, 2016). Embryonically, 
ankyloglossia results when the remnants of this tissue do not separate from the underside of the 
tongue during oral cavity development. Typically, frenulum cells undergo apoptosis, but when 
this does not occur, the frenulum remains attached. This persistence of tissue attachment is 
known as ankyloglossia and may adversely affect successful breastfeeding outcomes (Manipon, 
2016).  
Background and Significance 
 
Historically, ankyloglossia has been documented since Biblical times (Sethi, Smith, 
Kortequee, Ward, & Clarke, 2013) and the early 17th century (Steehler, Steehler, & Harley, 
2012). Prior to the 1950’s midwives and physicians clipped the frenulum routinely after birth 
(Hogan, Westcott, & Griffiths, 2005). After World War II, formula became the infant nutritional 
trend and the significance of ankyloglossia lessened, since bottle-fed infants do not struggle 
during feedings as much as breastfeeding infants (Sethi et al., 2013). Over time correcting this 
problem was not viewed as a priority. Today as the trend in infant nutrition favors breastfeeding, 
ankyloglossia has again become a discussion of interest (Sethi et al., 2013).  
 A poor latch results if an infant’s tongue is not fully mobile and able to fully extend 
(Manipon, 2016). The latch is often shallow, leading to maternal nipple pain, and nipples can 
become cracked with bleeding and/or pinched, which may adversely affect breastfeeding 
duration (Dollberg, Botzer, Grunis, & Mimouni, 2006). Along with maternal pain, infants are at 
risk for poor weight gain or weight loss (Geddes et al., 2008; Miranda & Milroy, 2010). Feedings 
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are typically prolonged and inefficient, and a clicking or snapping sound is often heard (Donati-
Bourne, Batool, Hendricks, & Bowley, 2015). The inappropriate seal on the breast combined 
with poor infant suckling leads to poor milk transfer and ultimately a lower milk supply (Geddes 
et al., 2008; Manipon, 2016). 
 The prevalence of ankyloglossia in newborns is 4% - 12% (Gonzalez Jimenez et al., 
2014; Ricke, Baker, Madlon-Kay, & DeFor, 2005) with a reported incidence of 3% - 16% 
(Ingram et al., 2015), and with males more affected than females (Khoo, Dabbas, Sudhakaran, 
Ade-Ajayi, & Patel, 2009; Miranda & Milroy, 2010). Prevalence of ankyloglossia is unknown at 
Paoli Hospital, since nurses do not routinely assess for ankyloglossia and if they do, subjective 
methods of nursing assessment are used rather than an evidence-based tool. Lack of 
ankyloglossia identification could lead to early breastfeeding cessation (Edmunds, Fulbrook, & 
Miles, 2013; Emond et al., 2014; Todd & Hogan, 2015).  
 Early breastfeeding cessation in general results in higher healthcare costs (Bartick & 
Reinhold, 2010). A cost analysis study in Louisiana, which has one of the lowest breastfeeding 
rates in the United States, examined the financial consequences of breastfeeding cessation from 
increased lower respiratory tract infections, gastroenteritis, necrotizing enterocolitis (NEC), and 
Sudden Infant Death Syndrome (SIDS) (Ma, Brewer-Asling, & Magnus, 2013). Findings suggest 
that approximately $100 million dollars would be saved in Louisiana alone if 80% of newborns 
were exclusively breastfed for six months. Specifically, there would be 1,577 fewer cases of 
lower respiratory illnesses saving $31 million; 6,956 less outpatient appointments for 
gastrointestinal illnesses saving $2.5 million; a decrease in 26 NEC diagnoses saving $63.7 
million; and five SIDS related deaths could be prevented. 
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 The American Academy of Pediatrics (AAP) and the World Health Organization (WHO) 
recommend exclusive breastfeeding through six months of age, and then through the first year of 
life after solid food is introduced (AAP, 2012). In addition, Healthy People 2020 goals have been 
set for an 80% breastfeeding initiation rate with a 60% 6-month and a 34% 12-month 
breastfeeding rate (United States Breastfeeding Committee [USBC], 2016). According to the 
Center for Disease Control [CDC], (2014) breastfeeding report card for 2011, 79% of mothers 
initiated breastfeeding, but did not sustain it. Breastfeeding rates in 2011 for six and 12-month-
olds were 49% and 27%, respectively. The breastfeeding report card from the CDC for 2014 
found that 79.2% of mothers who initiated breastfeeding had six and twelve month breastfeeding 
rates of only 49.4% (18.8% exclusively breastfed) and 26.7% (no exclusivity rates), respectively 
(CDC, 2014). Although these statistics represent rates of all women who initiated, sustained, and 
stopped breastfeeding (prevalence of breastfeeding cessation due to ankyloglossia alone is not 
available), a proper and thorough tongue assessment may be one method to help identify 
ankyloglossia as a barrier to breastfeeding so that correction can be initiated. Correction of this 
critical barrier to breastfeeding could help to meet the breastfeeding goals of Healthy People 
2020.  
 Ankyloglossia Treatment. Along with lactation support (Emond et al., 2014), frenotomy 
is the recommended intervention to correct neonatal ankyloglossia (Todd & Hogan, 2015). 
Frenotomy involves the clipping of the frenulum using scissors (Buryk et al., 2011) or a laser to 
incise the frenulum (Haham, Marom, Mangel, Botzer, & Dollberg, 2014). It is a simple 
procedure with minimal side effects, such as, crying (Buryk et al., 2011; Hogan et al., 2005), 
minimal bleeding (Ridgers, McCombe, & McCombe, 2009) and possible ulcer formation 
(Mettias, O’Brien, Abo Khatwa, Nasrallah, & Doddi, 2013). It can be performed without 
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analgesia or anesthesia before hospital discharge (Manipon, 2016) or as an outpatient (Miranda 
& Milroy, 2010) and breastfeeding resumes immediately post-procedure. Not all cases of 
ankyloglossia need to be treated with frenotomy because lactation support can be an alternative 
intervention for improvement (Hogan et al., 2005). However, for infants deemed to have 
significant symptomatic ankyloglossia, frenotomy can be offered (Haham et al., 2014).  
 Ankyloglossia Diagnosis. Since the tongue is highly influential for a successful latch, a 
critical pre-requisite for successful breastfeeding is an objective measurement of ankyloglossia 
severity (Manipon, 2016). In order to make a recommendation for surgical correction, a tongue 
assessment is essential to make an informed decision (Emond et al., 2014).   
 There are several methods used to diagnosis ankyloglossia including three observational 
classifications (Coryllos Classification, Kotlow Criteria, Murphy Maneuver) (Henry & Hayman, 
2014); and three quantitative tongue assessment tools including the Lingual Frenulum Protocol 
(Martinelli, Marchesan, & Berretin- Felix, 2012), the Assessment Tool for Lingual Frenulum 
Function (ATLFF), full and short forms (ATLFF –SF) (Amir, James, & Donath, 2006; Emond et 
al., 2014); and the Bristol Tongue Assessment Tool (BTAT) (Ingram et al., 2015).  
  The ankyloglossia assessment measures chosen for this project were the ATLFF and 
BTAT. The ATLFF was selected to determine prevalence because it is considered the “gold 
standard” for ankyloglossia assessment (Academy of Breastfeeding Medicine [ABM], 2014). In 
addition, there is available evidence about its use in multiple studies (Amir et al., 2006; Ballard, 
Auer, & Khoury, 2002; Madlon-Kay, Ricke, Baker, & DeFor, 2008; Ricke et al., 2005), and it 
provides a more comprehensive ankyloglossia assessment than the Coryllos Classification, 
Kotlow Criteria, and Murphy Maneuver, which have not been tested for reliability and validity. 
The BTAT was selected because it is an evidence-based tool that can be easily taught to 
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healthcare providers such as nurses, correlates highly with the ATLFF, and has strong reliability 
(Ingram et al., 2015).  
Problem Statement 
 
Since the tongue is highly influential for a successful latch, a critical pre-requisite for 
successful breastfeeding is an objective evidence-based assessment for ankyloglossia severity 
(Manipon, 2016). Newborns should have an objective tongue evaluation of appearance and 
function after birth to make an informed decision about treatment (lactation support or 
frenotomy) and to prevent premature breastfeeding cessation (Edmunds et al., 2013). Since no 
objective evidence-based method of tongue assessment is currently performed by nurses at Paoli 
Hospital, the prevalence of ankyloglossia is unknown. In addition, it is unknown which tool 
might be best suited to incorporate into nursing practice for accurate ankyloglossia assessment.  
Aims and Objectives 
 
Frenotomy should be reserved for symptomatic ankyloglossia (mother's with increasing 
nipple pain, difficulty latching, and/or poor infant weight gain) (Haham et al., 2014) and for 
those infants having low ATLFF or BTAT scores (Amir et al., 2006; Ingram et al., 2015). Since 
both tongue assessment tools offer an objective and evidence-based measure of tongue function 
and appearance, the purpose of this project was to determine ankyloglossia prevalence at Paoli 
Hospital and compare these two evidence-based tools to determine if the BTAT was able to 
identify a similar ankyloglossia prevalence rate as the ATLFF. 
The primary aims for this DNP project were to: 1) compare ankyloglossia prevalence 
rates between the ATLFF (an evidenced based tongue assessment tool) and the prevalence rates 
using usual nursing tongue assessment, and 2) determine the best objective evidence-based 
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method of ankyloglossia assessment by nurses among healthy newborns before hospital 
discharge at Paoli Hospital by comparing the BTAT to the ATLFF. It was hypothesized that the 
ATLFF would identify higher rates of ankyloglossia compared to usual subjective nursing 
tongue assessment methods and that the BTAT would demonstrate similar ankyloglossia 
prevalence rates as the ATLFF. 
Review of Literature 
 
The following definitions were used in this project:  
1) Symptomatic ankyloglossia occurs when an at-risk frenulum is identified in conjunction with 
breastfeeding difficulties, which do not improve with lactation interventions (Haham et al., 
2014).  
2) Sublingual frenulum refers to a frenulum, which is not causing breastfeeding difficulties or 
breastfeeding difficulties are relieved by lactation interventions (Haham et al., 2014).  
3) Prevalence is the number of infants with ankyloglossia in the population during the four-week 
project time divided by the total number of infants in the population at that time (Gordis, 2014).  
4) Assessment Tool for Lingual Frenulum Function (ATLFF) is an evidenced-based tongue 
assessment tool, which assesses both the function and appearance of the tongue and lingual 
frenulum. Scores are categorized as either perfect with a function score of 14 regardless of 
appearance score; acceptable which is a function score of 11 with an appearance score of 10; and 
function impaired, which is a function score < 11 and appearance score < 8. If ankyloglossia is 
categorized as function impaired, a frenotomy would be considered, if clinically indicated. 
(Madlon-Kay et al., 2008; O’Shea et al., 2017). For the purposes of this project, ankyloglossia 
was positive if the function score was ≤ 11 with an appearance score of ≤ 9.  
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5) Bristol Tongue Assessment Tool (BTAT) is an evidence-based tongue assessment tool, based 
on the ATLFF, which assesses four aspects of the tongue while the infant is awake including: 1) 
tongue shape; 2) attachment of frenulum to lower gum ridge; 3) lift of the tongue when infant is 
crying; and, 4) tongue protrusion. Scores range from zero to eight with a score of less than or 
equal to three indicating a tethered, severely impaired frenulum or symptomatic ankyloglossia 
where frenotomy would be recommended (Ingram et al., 2015). For the purposes of this project, 
ankyloglossia was a positive finding with a score of ≤ 6.  
This evidence appraisal critically evaluated studies on overall prevalence of infant 
ankyloglossia and infant ankyloglossia assessment. A literature search was conducted through 
the following databases: Cochrane Database, Cumulative Index to Nursing and Allied Health 
Literature (CINAHL) and MEDLINE (PubMED) for studies evaluating newborns and infants for 
ankyloglossia. The following keywords were used: ankyloglossia, tongue-tie, prevalence, 
diagnosis, and reliability/validity, Coryllos, Kotlow, Murphy Maneuver, (Hazelbaker) 
Assessment Tool for Lingual Frenulum Function, and the Bristol Tongue Assessment Tool. 
Studies were included if: 1) overall prevalence of ankyloglossia was measured in newborn 
nurseries; 2) newborns underwent frenulum evaluations with tongue assessment tools (e.g. the 
Coryllos Classification, Kotlow Criteria, Murphy Maneuver, Lingual Frenulum Protocol, 
ATLFF- long or short forms, or BTAT); 3) the age of healthy newborns and infants was ≤ 90 
days; 4) studies were available in English; and, 5) peer-reviewed articles were published from 
2005 - present. An expanded literature search time frame to 12 years was necessary due to lack 
of available studies in a five-year time frame. Studies were excluded if infants were > 90 days or 
studies were unpublished manuscripts or case reports. PubMed yielded 162 potential articles. Of 
the 26 articles CINAHL yielded, no unique studies were found. Cochrane database yielded 2 
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potential articles. A total of 190 citations were obtained from the literature search. After a 
thorough review, six articles were eligible for inclusion in the evidence appraisal including: one 
prospective case-control study; one prospective observational study; one prospective case-series 
study; one descriptive observational study; one inter-rater reliability study; and one reliability 
study (Table of Evidence).  
Search Table 
 
No:  Database Keywords Results Selected Articles 
1 PubMED breastfeeding, ankyloglossia, tongue-tie, 
prevalence, tongue assessment, reliability, 
validity, Hazelbaker Assessment Tool for 
Lingual Frenulum Function, Coryollos; 
Kotlow, Murphy maneuver, protocol; filters 
2005 - 2017, infants birth - 23 mos  
162 6 
2 CINAHL breastfeeding, ankyloglossia, tongue-tie, 
prevalence, tongue assessment, reliability, 
validity, Hazelbaker Assessment Tool for 
Lingual Frenulum Function, Coryollos; 
Kotlow, Murphy maneuver, protocol; filters 
2005- 2017, infants 
26 0 
3 Cochrane breastfeeding, ankyloglossia, tongue-tie, 
prevalence, tongue assessment, Hazelbaker 
Assessment Tool for Lingual Frenulum 
Function, Coryollos; Kotlow, Murphy 
maneuver, protocol 
2 0 
    Total           6 
 
Appraisal of Evidence 
 
 Ankyloglossia Prevalence. In a case-controlled study of 3,490 infants assessed for 
ankyloglossia in an inner-city hospital in St. Paul, Minnesota (Ricke et al., 2005), the prevalence 
of ankyloglossia among newborn infants was determined by staff nurses to be 4.24%. In 
addition, inter-rater reliability of the ATLFF was evaluated. During the study period staff nurses 
initially assessed infants admitted to the newborn nursery by screening for ankyloglossia aided 
by photographs as instructed by one of the study investigators. The researchers then confirmed 
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ankyloglossia in 148 infants using the ATLFF after staff nurses identified potential ankyloglossia 
cases by appearance only.  
 Once ankyloglossia was diagnosed, mothers were asked to participate in a telephone 
follow-up survey on current feeding method. Mothers were excluded if they did not speak 
English or Spanish, had infants in the neonatal intensive care, had twins, or if their infants had 
oral facial anomalies. Case infants with ankyloglossia (n = 49) and control infants without 
ankyloglossia (n = 98) were matched based on maternal age, race, primigravida or multigravida, 
and sex of the infant. The ATLFF scores were only provided for the cases enrolled in the follow-
up study. The scores classified 12 infants with a perfect score, six were function impaired, and 
31 infants had scores, which could not be classified. Demographic data provided about the 
mothers included: maternal age (cases, M = 25.9 years, SD = 6.2 vs. controls M = 26.5 years, SD 
= 5.9), race where the majority of the mothers were White (cases, n = 28, 57.1% vs. controls, n = 
56, 57.1%), and gender where the majority of the infants were male (cases, n = 32 vs. 65.3%; 
controls, n = 63, 64.2%). 
 Results indicated ankyloglossia infants were three times more likely as controls to be 
bottle-fed at one week of age (RR = 3.11, 95% CI [1.21, 8.03]). At one week, among infants with 
a perfect ATLFF score (n = 8), four were breastfeeding exclusively. However, among infants 
with a function impaired score (n = 5), zero infants were breastfeeding. No additional 
information regarding scoring and feeding were offered for the one-month follow-up. Results 
indicated infants (cases n = 33 vs. controls n = 65) at one month of age with ankyloglossia were 
as likely as controls to be bottle-fed only (RR = 1.00, 95% CI [0.55, 1.82]). The kappa statistic 
for inter-rater liability of the ATLFF among the three researchers was calculated to be 0.49, a 
moderate rating.  
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 Strengths of this study include: prevalence was calculated; a tongue assessment tool was 
used to confirm ankyloglossia; inter-rater reliability was determined; and risk ratio indicated the 
risks of early cessation of breastfeeding associated with ankyloglossia. Limitations include: a 
large number of participants were lost to follow up; nurses not trained in evidence-based tongue 
assessment methods performed the initial assessment, researchers did not personally examine all 
of the infants in the nursery for ankyloglossia; and the number of infants examined to determine 
inter-rater reliability is not clear. Researchers concluded a reliable and valid tool is necessary to 
diagnose ankyloglossia and the ATLFF was not able to classify all infants nor able to identify 
which infants would have breastfeeding difficulty.  
 In a prospective observational study of 677 newborns in Asturias Spain, the 
ankyloglossia prevalence rate among newborns was determined in six public hospitals using the 
Coryllos Classification and the function items of the ATLFF-Short Form (ATLFF-SF) to 
supplement the Coryllos Classification (Gonzales Jimenez et al., 2014). Because Gonzalez 
Jimenez et al. (2014) found increased variability in diagnosing the subtle posterior cases with the 
Coryllos Classification, the research team used the ATLFF-SF to further aid in tongue 
assessment. Eighty-two infants were diagnosed with ankyloglossia and 62% were male. Family 
history of ankyloglossia was reported among 25% of the infants, and most of the cases (n = 70, 
86%) were first-degree relatives. Findings indicate that 10 out of 82 (12%) had type I; 43 out of 
82 (54%) had type II; 19 out of 82 (19%) had type III; and, eight out of 82 (10%) had type IV 
ankyloglossia. Overall prevalence was reported as 12.11% (95% CI [9.58, 14.64]) with a range 
of 3.4%- 50%, depending on the facility.  
 Strengths of the study included rater training prior to conducting the study using the 
Coryllos Classification and ATLFF-SF to supplement the Coryllos Classification. Despite 
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training, however, there was high inter-observer variability using the Coryllos Classification as 
prevalence rates varied between facilities, especially for types III and IV. Although, the authors 
mentioned that the ATLFF-SF functional evaluation aided in inter-observer reliability, they did 
not provide any data about the ATLFF-SF scores or ATLFF-SF inter-rater reliability. Additional 
limitations included the use of a convenience sample and lack of follow-up. Based on prevalence 
findings the research team concluded that posterior ankyloglossia is the most difficult to 
diagnose and that all newborns should have an oral exam focusing on identifying ankyloglossia.  
 These studies provide some evidence on the overall prevalence of ankyloglossia. 
Although Ricke et al. (2005) found 4.24% prevalence, Gonzalez Jimenez et al., (2014) found a 
12.11% ankyloglossia prevalence rate. One possible explanation for the lower prevalence rate in 
the earlier study was that the nurses, who were not trained in objective evidence-based 
ankyloglossia assessment methods, conducted initial frenulum screenings using photographs.  
Visual assessment alone may not be sufficient to accurately detect ankyloglossia (Emond et al., 
2014). Initial screening of ankyloglossia without training may result in missed cases because 
palpation is necessary to identify the more difficult posterior frenulum attachment during an oral 
examination (Genna & Coryllos, 2009; Hong et al., 2010).  
Ankyloglossia Assessment. In order to choose the best method of ankyloglossia 
assessment for nurses, this section will review the evidence on ankyloglossia assessment 
methods including the Coryllos Classification, Kotlow Criteria, Murphy Maneuver, Lingual 
Frenulum Protocol, ATLFF and BTAT. 
Coryllos Classification. The Coryllos Classification of ankyloglossia is a method, which 
assesses for the location of the superior and inferior attachment of the frenulum and describes the 
attachment by type along with frenulum characteristics (Appendix A) (Todd & Hogan, 2015). In 
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type I ankyloglossia (100%), the frenulum is attached anteriorly at the tip or < 2 mm from the tip 
of the tongue and inferiorly attached to the alveolar ridge. In type II ankyloglossia (75%), the 
frenulum is attached anteriorly, but just behind tongue tip (2-5 mm), and inferiorly attached to 
alveolar ridge or base of ridge/floor of mouth. In type III ankyloglossia (50%), the frenulum is 
attached mid-tongue (6-10 mm) with the inferior attachment at the base of the alveolar ridge or 
floor of mouth. In type IV ankyloglossia (25%), the frenulum is posteriorly attached from the tip 
of tongue (11-15 mm) and inferiorly attached to base of the alveolar ridge or on the ridge or the 
floor of mouth. Finally, in the newly identified Type V (submucosal), the frenulum is posteriorly 
positioned > 15 mm from the tip of the tongue and inferiorly attached at base of the alveolar 
ridge or the floor of the mouth. Along with the attachments, the frenulum characteristics are also 
described as thin, thick, or elastic (Todd & Hogan, 2015). Palpation of the frenulum is 
recommended to ensure posterior attachment is not missed (Genna & Coryllos, 2009). Following 
Coryllos assessment, any infant identified with any type of ankyloglossia receives a feeding 
evaluation to further verify if frenotomy is indicated (Todd & Hogan, 2015). Although there are 
several published studies using the Coryllos Classification for infant tongue assessment, there are 
no evidence-based studies evaluating its accuracy or psychometrics. 
 The Kotlow Criteria. The Kotlow Criteria categorizes ankyloglossia based on the 
distance of the frenulum attachment on the underside of the tongue (Appendix B) (Henry & 
Hayman, 2014). A normal frenulum is typically more than 16 mm from the tip of the tongue. The 
four groups, which describe frenulum attachment from the tongue tip are: mild (12-16 mm), 
moderate (8-11 mm), severe (3-7 mm) and complete (< 3mm) (Puapornpong, 
Raungrongmorakot, Mahasitthiwat, & Ketsuwan, 2014). No evidence was found on the 
psychometrics or accuracy of this tool for ankyloglossia assessment.  
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 The Murphy Maneuver. The Murphy Maneuver assesses for a frenulum bump as the 
provider sweeps his pinky finger, pad side down, under the tongue (Manipon, 2016). Although a 
smooth tongue indicates the absence of ankyloglossia, a significant bump indicates the frenulum 
requires surgical intervention (Henry & Hayman, 2014; Manipon, 2016). There are four 
observations in the Murphy Maneuver which describe the frenulum without formally labeling the 
attachment including: 1) the absence of a frenulum, which consists of no impedance with finger 
sweep and smooth undersurface of the tongue; 2) a short-banded frenulum adhered to the floor of 
the mouth; 3) the frenulum impedes the finger sweep as the finger must go up and over as the 
frenulum is palpated closer to the tip of the tongue; and, 4) on visual inspection the frenulum is 
described as a tight thin tissue which is attached fully to the underside of the tongue (Manipon, 
2016). No evidence-based studies were found that evaluated the Murphy Maneuver.  
 The Lingual Frenulum Protocol. The Lingual Frenulum Protocol assesses anatomy and 
function of the mouth, tongue and frenulum as well as infant feeding behaviors (Appendix C) 
(Martinelli et al., 2012). It involves scoring of history information, anatomy and function 
assessment, observation of non-nutritive suckling on a finger and nutritive suckling while latched 
onto the breast. Each section has a sub-score including a history score range from zero to eight; 
anatomy and function scores from zero to 12; and suckling and breastfeeding scores from zero to 
seven. The low score of zero indicates no feeding or anatomical problems related to 
ankyloglossia to a maximum score of 27. When a combined score ≥ 9 is determined, lingual 
frenulum function may be compromised and frenotomy may be considered for correction. 
In a descriptive observational study, the Lingual Frenulum Protocol was administered to 
100 full-term infants by a speech therapist specializing in orofacial myology in Sao Paulo, Brazil 
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(Martinelli et al., 2012). Statistical results were not provided. Two specialists were asked to view 
the recordings and photographs in order to determine inter-rater agreement.  
 The main strength of this study is that it provides evidence of a possible new tool for 
ankyloglossia diagnosis. This tool offers a comprehensive tongue evaluation including 
breastfeeding history (Appendix C). The authors concluded this protocol was developed to offer 
an efficient and reliable tool to help identify infants with symptomatic ankyloglossia. Limitations 
are that even though the protocol thoroughly examines the tongue and assesses sucking, 
swallowing, and establishes a breastfeeding history, the authors did not discuss the training 
involved, time involved when using the tool, nor did they provide any statistical results.  
 The Assessment Tool for Lingual Frenulum Function (ATLFF). The ATLFF is 
considered the “gold standard” for ankyloglossia identification by the Academy of Breastfeeding 
Medicine (2014), and assesses five tongue appearance items and seven tongue function items 
(Appendix D) (Buryk et al., 2011). Each item is scored from zero to two with a maximum 
appearance score of 10 and maximum function score of 14. The ATLFF provides an 
ankyloglossia severity score that indicates whether or not frenotomy is recommended. The tool 
stipulates categories based on the function and appearance scores including perfect, acceptable, 
or function impaired (Madlon-Kay et al., 2008). Specifically, these categories are defined as: 
perfect with a function score of 14 regardless of appearance score; acceptable which is a 
function score of 11 with an appearance score of 10; and function impaired which is a function 
score < 11 and appearance score ≤ 8 (Madlon-Kay et al., 2008; O'Shea et al., 2017). The function 
impaired score suggests the need for frenotomy if clinically indicated. 
 In an initial inter-rater reliability study, 58 infants were evaluated in the Breastfeeding 
Education and Support Services at the Royal Women's Hospital in Melbourne, Australia (Amir 
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et al., 2006). The research team hypothesized that 1) two researchers could identify 
ankyloglossia in infants and recommend frenotomy using the ATLFF with an inter-rater 
reliability of at least 0.75 (kappa); and, 2) two researchers could give similar recommendations 
for infants without ankyloglossia and recommend breastfeeding as usual with no need for 
frenotomy using the ATLFF with an inter-rater reliability of at least 0.60 (kappa). Compared to 
infants with ankyloglossia (n = 58) with an age range of 1-84 days, the comparison group (n = 
25) had an age range of 7-55 days. The age differences were not tested for statistical differences.  
 The authors reported moderate kappa levels for appearance items including: appearance 
of tongue when lifted (kappa = 0.54, p < .01), elasticity of frenulum (kappa = 0.53, p <.01), 
length of lingual frenulum when the tongue was lifted (kappa = 0.51, p < .01), attachment of 
lingual frenulum to tongue (kappa = 0.39, p < .01), and attachment of lingual frenulum to 
inferior alveolar ridge (kappa=0.62, p < .01). Findings also indicated non-significant inter-rater 
reliability in four of the function items including: spread of anterior tongue (kappa = -0.02, p = 
.74); cupping (kappa = 0.01, p = .44); peristalsis (kappa = 0.05, p = .07); and snapback (kappa = 
0.03, p = .38). Due to non-significant inter-rater reliability, these four items were eliminated. The 
research team suggested including only the first three function items which had significant 
moderate inter-rater reliability including: lateralization (kappa = 0.71, p < .01); lift of tongue 
(kappa = 0.67, p < .01); and extension of tongue (kappa = 0.65, p < .01). This new ATLFF-SF 
could now be scored with a total function score of six rather than the previous total function 
score of 14 as in the original version. A cut-off score of four out of six would indicate the need 
for frenotomy. Cronbach's alpha on the three function items was reported as 0.87 for the revised 
ATLFF-SF, and Cronbach's alpha for the five appearance items was reported to be 0.75. High 
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inter-rater reliability for recommending frenotomy for infants with ankyloglossia was determined 
to be a kappa of 0.92.   
 Strengths of this study included the use of power analysis and reliability data on the 
ATLFF was established. A revised version of the ATLFF as the ATLFF-SF was suggested by 
improved reliability values. Limitations for this study included the use of a convenience sample, 
small sample size, lack of inclusion criteria, lack of demographic descriptive statistics, and lack 
of training explanation by the lactation consultants prior to data collection. Based on the 
findings, the authors recommended the ATLFF should include only the first three function items 
for improved reliability. 
 In a prospective case-series study of a convenience sample of 148 newborns with 
ankyloglossia from a 420-bed community hospital maternity unit in St. Paul, Minnesota findings 
indicated discrepancies in assigning babies a category once the ATLFF score was tabulated 
(Madlon-Kay et al., 2008). The aims of this study were to use the ATLFF tool, describe newborn 
scores, and determine inter-rater reliability of ankyloglossia assessments. Findings indicated 40 
(28%) infants with a perfect ATLFF function score of 14; five (3.5%) with an acceptable score 
(function score of 11 and appearance score of 10); and 19 (13.3%) with a poor tongue function 
score (function score < 11 and appearance score < 8), and five infants were unable to be 
examined due to being asleep. The remaining 79 babies (55.2%), who had function scores of 13 
and 12, and function scores of 11 with an appearance score of < 10 did not fall within a specific 
ATLFF category. Three researchers examined the infants and 23 were examined more than once. 
The overall inter-rater reliability was moderate at a kappa of 0.44. They also reported a moderate 
inter-rater reliability of function impaired ankyloglossia scores, with a kappa statistic of 0.49. 
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The authors reported the ATLFF was unable to rate all infants into perfect, acceptable, or 
function impaired categories based on the scores.  
 Strengths of this study included: using a tongue assessment tool to study one of the 
largest case-series to date, and rater training. Lactation consultants who used the ATLFF were 
trained by the creator of the tool in person and via videotaped instruction. However, no specific 
time frame for training was given. Limitations of this study included: lack of demographic data, 
use of a convenience sample, no mention of inclusion/exclusion criteria, lack of power analysis, 
inability to classify all infants with ankyloglossia using the ATLFF, and only a moderate inter-
rater reliability rating despite being trained by the creator of the tool. The authors concluded 
further research is needed in the development of a reliable tool to classify infants with 
symptomatic ankyloglossia.  
 The Bristol Tongue Assessment Tool (BTAT). The BTAT examines four aspects of the 
tongue and frenulum while the infant is awake including: 1) tongue shape (heart shaped, slight 
cleft/notched, rounded); 2) attachment of frenulum to lower gum ridge (top of gum ridge, inner 
aspect of gum ridge, floor of mouth); 3) lift of the tongue when infant is crying (minimal tongue 
lift, edges of tongue only to mid-mouth, full tongue lift to mid-mouth); and, 4) tongue protrusion 
(tip stays behind gum, tip over gum, tip can extend over lower lip (Appendix E) (Ingram et al., 
2015). Scores range from zero to eight with zero as the lowest and most severe case of 
ankyloglossia and eight indicating a normal tongue without ankyloglossia. A tongue-tie score of 
zero to three indicates at-risk tongue function for poor breastfeeding outcomes and frenotomy is 
recommended (Ingram et al., 2015).   
  A reliability study, conducted by Ingram et al. (2015), examined a convenience sample 
of 224 infants (age range 0-79 days, mean age of 17 days) in Bristol, United Kingdom. Of the 
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224 infants evaluated by lactation consultants using the BTAT, 126 infants were also evaluated 
with the ATLFF to serve as a comparison. Ingram et al. (2015) developed the BTAT from the 
ATLFF. Thirty-three infants had two assessments by the same two lactation consultants to 
calculate the intraclass correlation coefficient (ICC). The ICC was reported to be 0.76 (95% CI 
[0.57, 0.87], p < .001). In addition, the reported Cronbach's alpha for internal consistency of the 
BTAT items was 0.71 (95% CI [0.64, 0.77]). Further, the BTAT correlated highly with the 
ATLFF [(r = 0.89, 95% CI [0.85, 0.92], p < .001)]. The main researcher interviewed the lactation 
consultants who used the BTAT. Qualitative data was reported, which suggested that the BTAT 
was easy to use, aided in parental education, and was a simple tool that could easily be taught to 
healthcare providers.  
 Strengths of the study included use of a new reliable tool for ankyloglossia identification, 
training was discussed, and qualitative data was used to assess lactation consultant experiences 
with the tool. Limitations of this study included lack of power analysis and sample demographic 
data, lack of inclusion and exclusion criteria, small amount of comparison data between 
investigators, and the relationship between breastfeeding duration and the BTAT were not 
evaluated. In addition, there is only one study comparing the accuracy of the BTAT to the 
ATLFF (Ingram et al., 2015).   
 This evidence appraisal found that there were no studies that evaluated the psychometrics 
of the Coryllos Classification, Kotlow Criteria, Murphy Maneuver and Lingual Frenulum 
Protocol ankyloglossia assessment methods. Although some studies evaluating the 
psychometrics of the “gold standard” ATLFF and the BTAT found they are reliable tools for 
newborn ankyloglossia assessment, other studies did not endorse the reliability of the ATLFF. 
The evidence appraisal found that the BTAT is easy to use; aids in parental education; is a 
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simple tool that could easily be taught to healthcare providers; has good psychometrics; and is 
highly correlated with the ATLFF (Ingram et al., 2015). The BTAT may be a viable alternative 
to the ATLFF that may be easier to teach to nurses because of its simplicity and ease of use. 
Limitations 
 
 A significant gap found from this evidence appraisal is the lack of a uniform 
ankyloglossia definition based on the tools assessed. Studies often use different sets of criteria or 
definitions to assess for ankyloglossia. This leads to confusion for both the public and health care 
providers and ankyloglossia may be under diagnosed (Haham et al., 2014). Uniform definition of 
ankyloglossia is important for accurate ankyloglossia diagnosis in order to refer only infants with 
breastfeeding difficulties for frenotomy, and to avoid referrals of infants who have a sublingual 
frenulum that could be corrected with lactation support (Haham et al., 2014).   
Conclusions 
 
 This evidence appraisal identified the overall prevalence of ankyloglossia and described 
the strengths and limitations of observational and quantitative methods used to identify 
ankyloglossia in order to inform this DNP quality improvement project. Findings of this 
evidence appraisal did not support selection of the Coryllos Classification, Kotlow Criteria, the 
Murphy Maneuver or the Lingual Frenulum Protocol because there were no studies found that 
provided evidence of reliability and validity. Although some findings indicated that the ATLFF 
had discrepancies in classifying ankyloglossia (Madlon-Kay et al., 2008; Ricke et al., 2005) and 
had lower reliability ratings (Amir et al., 2006), the Academy of Breastfeeding Medicine (2014) 
considers the ATLFF as the “gold standard” for ankyloglossia diagnosis. Findings indicated the 
BTAT correlated highly [(r = 0.89, 95% CI [0.846, 0.921], p < .001)] with the ATLFF but had 
better inter-rater reliability. In addition, findings indicate that the BTAT demonstrated acceptable 
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internal consistency with a Cronbach's alpha of 0.71. Finally, the qualitative data supports BTAT 
ease of use, aiding in parental education, and simplicity in teaching healthcare providers 
ankyloglossia assessment. Based on these findings, this DNP project used the ATLFF as the 
“gold standard” to compare prevalence of ankyloglossia among healthy newborns at Paoli 
Hospital to prevalence of ankyloglossia using usual nursing tongue assessment methods, and 
compared the accuracy of the BTAT to the ATLFF in identifying ankyloglossia cases. 
Theoretical Framework 
 
The Plan-Do-Study-Act (PDSA) quality improvement model was chosen for this project 
since it is used within healthcare to promote change and improve quality of care (Taylor et al., 
2014). This cyclical plan created by Dr. W. Edwards Deming facilitates evidence application into 
practice over a short period of time (Peterson et al., 2015). The model used during this project 
included:  
1) Plan: The problem of ankyloglossia assessment at Paoli Hospital was explored through 
a critical appraisal of the literature. In addition two investigators were chosen (principal 
investigator and a co-investigator) to assess newborn ankyloglossia prevalence at the Family-
Centered Maternity Unit at Paoli and compare evidence-based tongue assessment tools (ATLFF 
vs. BTAT). 
 2) Do: The investigators assessed infants with the ATLFF and BTAT during a four-week 
study period. The principal investigator used the ATLFF and BTAT for the entire four-week 
period where as the co-investigator used the BTAT for the first two weeks, and then switched to 
the ATLFF for the second two weeks. The investigators scored the infants independently. Data 
were entered into the Qualtrics database. 
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 3) Study: This project compared the prevalence of ankyloglossia at Paoli Hospital using 
usual nursing tongue assessment methods to the prevalence of ankyloglossia identified using the 
“gold standard” ATLFF and determined sensitivity and specificity of usual nursing tongue 
assessment methods relative to the ATLFF; compared the prevalence of ankyloglossia between 
the ATLFF and BTAT, and determined the sensitivity and specificity of the BTAT relative to the 
ATLFF; and determined interrater reliability via Cohen’s kappa and ICC; and determined the 
Cronbach’s alphas of the BTAT and ATLFF. 
 4) Act: Results of this project were disseminated to the unit nurse manager for review 
and consideration for the development of an ankyloglossia protocol for nurses at Paoli Hospital.   
Methods 
 
This section provides a review of the project design, theoretical framework, sample, 
setting, measures, procedure, and evaluation methods.   
Project Design 
 
 This quality improvement project was a comparative descriptive design with a 
retrospective chart review to: 1) compare ankyloglossia prevalence rates between the ATLFF (an 
evidenced based tongue assessment tool) and the prevalence rates using standard nursing 
subjective tongue assessment, and 2) determine the accuracy of the Bristol Tongue-tie 
Assessment Tool (BTAT) (Appendix E) to detect cases of ankyloglossia relative to the “gold 
standard” Assessment Tool for Lingual Frenulum Function (ATLFF) (Appendix D).   
Theoretical Framework  
 
 The Plan-Do-Study-Act (PDSA) served as the quality improvement model for this 
project. This model is commonly chosen within the health care arena to promote change and 
improve quality of care (Taylor et al., 2014).  
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Sample 
 
The population studied was mainly White, upper-middle class, educated women and their 
infants. All women and their infants admitted to the maternity unit were invited to participate in 
this project. Exclusions to participation included infants admitted to the neonatal intensive care 
unit, lack of maternal consent, discharge prior to invitation to participate, or frenotomy prior to 
tongue assessment.  
 A minimum sample size of 88 newborns was used based on a power analysis using paired 
proportions of a one-sided McNemar's test, an alpha of 0.05, a power of 0.80, and a medium 
effect size of 0.30 to detect a difference in ankyloglossia prevalence between the ratings of the 
principal investigator and nurses.  
Setting  
 
This project was conducted on the Family-Centered Maternity Unit of Paoli Hospital, a 
suburban Philadelphia hospital and one of the four hospitals in the Main Line Health System 
(MLHS). Paoli Hospital's Family-Centered Maternity Unit is a 40-room unit (12 labor and 32 
post-partum rooms) and reports approximately 200 births per month. The breastfeeding initiation 
rate is 92% with 65% of mothers exclusively breastfeeding by discharge. Breastfeeding is 
encouraged within the first 1-2 hours of birth. Paoli Hospital is currently establishing 
certification in the Keystone10 Initiative, a quality improvement project that promotes and 
supports breastfeeding in PA ("Keystone10," n.d.). Presently there is one full-time and two part-
time lactation consultants on staff, providing seven days of coverage. Staff nurses are educated 
on breastfeeding basics. However, not all nurses routinely assess for ankyloglossia. Subjective 
evaluation is the current method that nurses use for ankyloglossia diagnosis. Evidence-based 
tongue assessment tools are not routinely incorporated in the oral cavity physical exam.  
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Measures 
 
 The investigators used the ATLFF and the BTAT to measure infant ankyloglossia. The 
ATLFF was chosen as this tool is known as the "gold standard” for ankyloglossia assessment 
(Academy of Breastfeeding Medicine, 2014). The ATLFF assesses both the function and 
appearance of the tongue and lingual frenulum. Scores are categorized as perfect with a function 
score of 14 regardless of appearance score; acceptable which is a function score 11 with an 
appearance score of 10; or function impaired which is a function score < 11 and appearance 
score ≤ 8. If ankyloglossia is categorized as function impaired, a frenotomy is considered if 
clinically indicated. Inter-rater reliability of the ATLFF has been reported to be 0.44 (Madlon-
Kay et al., 2008). Amir et al. 2006 reported an initial Cronbach’s alpha of 0.51 for all function 
items as well as a higher Cronbach’s alpha of 0.87 for the first three function items. Amir et al. 
(2006) also reported a Cronbach’s alpha of 0.75 for the appearance score and a 96% interrater 
agreement recommending frenotomy. For the purposes of this project a cut off function score of 
≤ 11 with appearance score of ≤ 9 was used to indicate ankyloglossia. 
 The BTAT examines four aspects of tongue appearance. It measures: the appearance of 
the tongue; lift of the tongue; the location of the frenulum; and, the shape of the tongue (Ingram 
et al., 2015). The scoring range is from zero to eight, where zero is the lowest and most severe 
case of ankyloglossia and eight is the maximum score indicating a normal tongue without 
ankyloglossia. A score of zero to three indicates a severe case of ankyloglossia (Ingram et al., 
2015). This score indicates at-risk tongue function for poor breastfeeding outcomes and 
frenotomy is recommended (Ingram et al., 2015). A BTAT cut-off score of ≤ 6 was used to 
indicate the presence of ankyloglossia in this project. In a prior study, an intraclass correlation 
coefficient has been reported as 0.760 (95% CI [0.57, 0.87]), a Pearson’s coefficient of 0.89 
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(95% CI [0.85, 0.92]), and a Cronbach’s alpha of 0.71 (95% CI [0.64, 0.77]) (Ingram et al., 
2015).  
Procedures 
 
 Once the principal investigator (PI) obtained informed consent, mothers completed a 
paper and pencil demographic survey (Appendix F). The PI collected additional demographic 
information, ie infant weight and age in hours, via the infant chart. In addition, a chart review of 
nursing assessment of ankyloglossia was entered into Qualtrics as yes if nurses documented a 
tight frenulum, or no if they did not document a tight frenulum. The PI entered all demographic 
data into the Qualtrics database. While mothers completed the demographic sheet, the PI 
performed a tongue assessment using the ATLFF and BTAT for the entire 4-week collection 
period. The co-investigator (Co-I) on this project performed tongue assessments using the BTAT 
for the first two weeks and then the ATLFF for the second two weeks. The PI examined the 
infant chart and the nursing clipboard to determine the nurses' tongue assessments throughout the 
4-week project period. 
Evaluation  
 
Data Management. Demographic and outcome data were collected into a Qualtrics 
database (Qualtrics, Provo, UT, 2017) and uploaded to SPSS version 24 (IBM, 2016). Data were 
coded, cleaned, and checked for shape of distribution and outliers. As this was an inpatient study, 
the PI reviewed the survey results and encouraged participants to complete unanswered 
questions. If data were missing within the database after comparing the online data to the hard 
copies of the demographic survey and assessment tool scoring sheets, the PI entered missing data 
into the database. As there were no missing data, multiple imputation or pairwise deletion was 
unnecessary.  
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 Data Analysis. Descriptive statistics were used to describe mother and baby 
demographics using frequencies, percentages, means and standard deviations.  
 For hypothesis 1 (prevalence of ankyloglossia diagnosed with ATLFF is higher than 
prevalence of ankyloglossia diagnosed with usual nursing assessment) prevalence rates for each 
assessment method were calculated. Prevalence using the ATLFF was calculated using the total 
number of infants with positive ankyloglossia scores assessed by the PI divided by the number of 
total infants born throughout the study time period. Prevalence of ankyloglossia using nursing 
tongue assessment methods was calculated in a similar manner using the total number of infants 
with positive ankyloglossia assessed by nurses divided by the number of total infants born 
throughout the study time period. The prevalence of ankyloglossia scored by the PI using the 
ATLFF and the prevalence of ankyloglossia as assessed by nurses using usual nursing tongue 
assessment methods were compared using McNemar’s test. Additionally, the sensitivity of the 
usual nursing tongue assessment relative to the ATLFF was calculated by dividing the number of 
positive cases of ankyloglossia (true positives) by the total number of infants evaluated who have 
the disease (true positives + false negatives). Specificity of the usual nursing tongue assessment 
relative to the ATLFF was calculated by dividing the number of negative cases of ankyloglossia 
(true negatives) by the total number of infants evaluated who do not have the disease (true 
negatives + false positives). 
 For hypothesis 2 (the BTAT will demonstrate the same ankyloglossia prevalence rates as 
the ATLFF), prevalence rates of the BTAT and ATLFF were calculated in the same manner as 
above. McNemar’s test was used to compare the prevalence of ankyloglossia using the BTAT to 
the prevalence of ankyloglossia using the ATLFF. Additionally, the sensitivity and specificity of 
the BTAT relative to the ATLFF was calculated in the same manner as described above. Cohen's 
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kappa and intraclass correlation values were calculated for interrater reliability determination. To 
assess internal consistency, Cronbach’s alphas were run on the BTAT and ATLFF.   
Results 
 
 The focus of this section is to present the results of the statistical analysis, which address 
the aims of this PDSA project. Demographic information of the mothers and infants are 
presented with descriptive statistics. Results of the McNemar's test comparing ankyloglossia 
prevalence as measured with ATLFF and the usual nursing tongue assessment method are 
presented as well as sensitivity and specificity of the usual nursing tongue assessment method 
relative to the ATLFF. Furthermore, the results of the McNemar’s test are presented comparing 
BTAT ankyloglossia prevalence with the ATLFF ankyloglossia prevalence. In addition, 
sensitivity and specificity of the BTAT was calculated relative to the “gold standard” ATLFF. 
Interrater reliability between the investigators diagnoses is also provided with Cohen's kappa and 
intraclass correlation values of the investigators scores. Lastly, Cronbach's alpha values are 
reported to determine internal consistency of the instruments.   
Participant Demographics 
 
 During the 4-week project data collection period from midnight October 1, 2017 through 
23:59 October 28, 2017, a convenience sample of mothers (N=151) and their infants (N=157) 
was invited to participate in the project (Figure 1). One hundred and twenty-six mothers 
provided informed consent for their infants (N= 130), including four sets of twins. Fifteen infants 
were excluded since they were admitted to the NICU. Other infants not included did not have 
maternal consent, were discharged prior to invitation to participate, or had a frenotomy prior to 
tongue assessment (N= 11).  
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Figure 1.  Participant Enrollment  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The mean maternal age was 32.5 years, SD = 4.1 (range 23 - 44 years). The majority of 
mothers were married (N= 116, 92.1%), Caucasian (N= 102, 80.9%) and employed full time (N= 
87, 69.0%) with private/commercial insurance (N= 119, 94.4%). Most of the mothers had a 
combined household income of > $100,000 (N= 88, 70.0%) and were educated with a college 
through graduate degree (N= 106, 84.2%) (Table 1). The majority of mothers had two or more 
children (N= 73, 58.0%). The most frequent type of delivery was vaginal, with or without 
epidural or VBAC, (N= 70, 55.6%) (Table 2). The mean gestational age at delivery was 39.1 
weeks, SD = 1.39 (range 35 - 41 weeks), with an average infant age in hours at time of 
assessment of 23.3 hours, SD =11.57 (range 5-94 hours). The mean infant weight was 3.3 kg, SD 
Total number of mothers (N=151) and their infants 
(N=157) with maternal consent invited to 
participate  
Total eligible mothers (N=127) and their infants 
with maternal consent (N=131).  
Infants who dropped out after maternal 
consent N =1  
Total mothers (N=126) and infants (N=130) 
included in analysis 
Excluded infants-admitted to NICU N=15  
Excluded infants-without maternal consent, 
were discharged, or had frenotomy prior to 
tongue assessment N=11  
IDENTIFYING ANKYLOGLOSSIA 
 
3.19.2018   
37 
= 0.50 (range of 2.0 - 4.5 kg). The majority of infants were male (N= 68, 52.3%). The majority 
of the mothers breastfed (N= 117, 92.9%). Of 117 mothers who breastfed 42 (35.9%) had latch 
pain and 49 (41.9%) had difficulty latching. Nineteen mothers (14.6%) reported a family history 
of ankyloglossia. 
Table 1. Sample Maternal Demographics (n = 126) 
Variable n (%) 
 
Age (years) - M(SD)  
 
32.5(4.1) 
 
Marital Status 
 
   Married 
   Single/ Lives with partner  
   Divorced  
116 (92.06) 
9 (7.15) 
1 (0.79) 
 
Race  
 
    Caucasian 
    Asian 
    African-American 
    Hispanic 
    Native Hawaiian or Pacific Islander 
    Other 
102 (80.95) 
16 (12.70) 
2 (1.59) 
3 (2.38) 
2 (1.59) 
1 (0.79) 
 
Educational Level 
 
High School, Trade, School, Associate's                              
Degree, Some College  
Bachelor's Degree 
Attended graduate school, Master's, Post-Masters, 
and/or Attended doctoral program 
Doctorate and/or Post-Doctorate 
20 (15.88) 
 
51 (40.48) 
44 (34.92) 
 
11 (8.73) 
 
Employment Status 
  Full-time 
  Part-time 
  Not-employed 
 
 
  87 (69.0) 
12 (9.5) 
  27 (21.4) 
 
Combined Household Income 
 
   < $49,000 
   $50,000 - $99,000 
   $100,000 - $150,000 
   > $150,000 
3 (2.4) 
35 (27.8) 
42 (33.3) 
46 (36.5) 
 
Type of Insurance  
 
    Private/ Commercial  
    Self-Pay 
119 (94.40) 
7 (5.60) 
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Table 2.  Maternal Clinical Demographics (n = 126) 
               Infant Clinical Demographics (n = 130, includes 4 sets of twins) 
 
Variables n (%) 
 
Type of Delivery 
 
   Vaginal (includes VBAC)  
   Vaginal assisted with Forceps/Vacuum 
   C-section 
70 (55.55) 
3 (2.38) 
53 (42.06) 
 
Number of Pregnancies 
    1 
    2 
    3 or more 
  
 
 
53 (42.06) 
40 (31.75) 
33 (26.2) 
 
 
Number of Live Births  
    1 
    2 
    3 
    4 
 
 
58 (46.03) 
41 (32.54) 
21 (16.67) 
6 (4.76) 
 
Gestational Age in weeks M (SD), n = 130 
 
 
39.1(1.39) 
Infant Gender  
   Male 
   Female 
 
68 (52.3) 
62 (47.7) 
 
Infant Age (hours) - M (SD) 
 
23.3 (11.57) 
 
Weight of infant (kg) - M (SD) 
 
3.35 (.50) 
 
Infant Feeding Method, n = 126 
   Breastfeeding  
   Formula 
   Both 
 
 
91 (72.22) 
9 (7.14) 
26 (20.63) 
 
Latch Pain, n = 117 
 
    Yes 
    No 
42 (35.90) 
75 (64.10) 
 
Trouble Latching, n = 117 
 
    Yes 
    No  
49 (41.88) 
68 (58.12) 
 
Family History of Ankyloglossia, n = 130  
   Yes 
   No  
 
 
19 (14.6) 
111 (52.6) 
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Statistical Analysis 
 
 The McNemar's test is a statistical test for dependent proportions that can be used to 
compare probabilities of an event in statistically dependent samples (Statistical Solutions, 2018). 
The assumptions for this non-parametric test are: 1) participants are randomly sampled (Leard 
Statistics, 2013); 2) variables of interest (diagnosis: Yes/No) are dichotomous, and; 3) 
classification factors are applied to the same subjects (for this project the same patients were 
assessed with two different diagnostic instruments) (Statistical Solutions, 2018). Applying two 
diagnostic tools to a sample of patients results in a 2x2 table, in which two cells contain 
concordant pairs – when the two diagnostic tools produce the same result, and two discordant 
pairs – when diagnostic tools disagree. The McNemar's test focuses on the equality of the 
discordant cells (Xiang, 2016).  
In the 2x2 table, where N is a total number of subjects tested with a particular diagnostic 
test, proportions of positive diagnoses with method 1: !"# = %&'( , and method 2: !#" = %'&(  are 
dependent. In this project, the same subjects were tested with method 1 (ATLFF) and method 2 
(nursing usual tongue assessment methods). McNemar’s test has a null hypothesis:	*+:	-.#=	-#.	 
which is equivalent to *+:	-"#=	-#" 
 
       Method 1 
 
 
Method 2 
Yes No Total 
Yes -## -#. -#" 
No -.# -.. -." 
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Total -"# -"# / 
 
The test treats the off-diagonal sum - = -.# + -#. as fixed. Under the null hypothesis 
the entries -.# and -#. are equal, and each of them follow a binomial distribution. The formula 
for the test statistic of the McNemar's test (Penn State, 2018) is: 
z2 = (n12 - n21)2/ n12 + n21 
 
The P-value can be obtained using asymptotic approximation or as an exact probability. 
The former requires the sum of off-diagonal values to be at least 10; otherwise calculating exact 
p-value is recommended (Penn State, 2018). The test was run with a significance level of 1 =0.05.  For this project although the sum of off-diagonal values was sufficient for asymptotic p-
values, exact p-values were calculated in order to be more conservative and reduce the 
probability of a type-I error.  
Hypothesis 1. The first hypothesis, the prevalence of ankyloglossia diagnosed with ATLFF is 
higher than prevalence of ankyloglossia diagnosed with usual nursing tongue assessment, was 
tested using a crosstabs table to tabulate prevalence.  
The prevalence of ankyloglossia measured with the nursing assessment method was 
5/130*100 = 3.8%, compared to the prevalence measured by the PI with the ATLFF, which was 
18/130*100 = 13.8% (Table 3). The McNemar’s test produced a test statistic of 5. = 11.27, 
with the exact one-sided p = .001 which is a strong evidence that the proportion of ankyloglossia 
detected with ATLFF method is higher than the proportion detected with usual nursing tongue 
assessment methods.  
Table 3. Comparison of nurse diagnosis to the “gold standard” ATLFF  
 
 ATLFF-based diagnosis Total 
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Yes No 
Nurse-
documented 
ankyloglossia 
Yes 4 true positives 
1 
false positives 5 
No 14 
false negatives 
111 
true negatives 
125 
Total 18 112 130 
 
The sensitivity and specificity of the usual nursing tongue assessment method was 
compared to the “gold standard” ATLFF. Sensitivity of the usual nursing tongue assessment 
method in detecting ankyloglossia was 22.2% (4/18) which leaves the other 77.8% of cases 
undetected (a high false negative rate). The specificity of the usual nursing tongue assessment 
method was calculated to be 99.1% (111/112) indicating a low false positive rate.  
Hypothesis 2. The second hypothesis, the BTAT will demonstrate the same ankyloglossia 
prevalence rates as the ATLFF, was tested using a 2x2 table to determine if the BTAT could  
identify a similar number of ankyloglossia cases compared to the ATLFF using the McNemar’s 
test.  
The prevalence of ankyloglossia measured with the BTAT was 24/130 = 0.185 or 185 
cases per 1000 newborns, compared to the prevalence measured with ATLFF, which is 18/130 = 
0.138 or 138 cases per 1000 newborns. The McNemar’s test produced a test statistic of 5. =2.57, with an exact p-value = 0.12, which means that there was not enough evidence to reject the 
null hypothesis of equality between two prevalence rates. It is concluded that there is no 
significant difference in the proportions of ankyloglossia cases detected with BTAT compared to 
the ATLFF.  
Table 4. Comparison of the BTAT relative to the ATLFF  
 
 ATLFF-based diagnosis Total 
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Yes No 
BTAT-based 
diagnosis 
Yes 14 10 24 
No 4 102 106 
Total 18 112 130 
 
 The sensitivity of the BTAT relative to the ATLFF in detecting ankyloglossia cases was 
found to be 14/18*100 = 77.8%. This means that the probability to detect ankyloglossia if 
present with the BTAT was 77.8%, with a 22.2% false negative rate. The specificity of the 
BTAT relative to the ATLFF was calculated to be 102/112*100 = 91.1%. This finding suggests 
that the false-positive diagnoses using the BTAT are low at 8.9%.  
Inter-rater reliability. Inter-rater reliability of BTAT and ATLFF diagnoses was 
calculated for supplemental information for the second hypothesis. Agreement between the two 
raters in the ankyloglossia diagnoses using BTAT and ATLFF scores were measured with 
Cohen’s kappa to compare diagnoses and intraclass correlation coefficient to compare the tools' 
scores. Table 5 below shows the results agreement between BTAT diagnoses. Inter-rater 
reliability agreement was assessed with a sample size of 46 because this was the number of 
infants assessed by both raters.  
Table 5. Agreement in two raters’ diagnoses of ankyloglossia using BTAT method.  
 
        CO-I 
PI Yes No 
Yes 5 1 
No 8 32 
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Off-diagonal values represent numbers of patients upon whom two raters did not agree. 
Cohen’s kappa value was determined to be a moderate value of 0.42, with the exact p-value of 
.005, which represents modest but statistically significant agreement. Intraclass correlation 
coefficient that measures the agreement between the two raters’ BTAT scores was determined to 
be 0.79 with 95% CI [0.56, 0.89], which represents a good agreement between the two raters.  
 Table six below shows the inter-rater reliability between the two raters using the ATLFF 
method from a sample size of 35 cases. 
Table 6. Agreement in two raters’ diagnoses of ankyloglossia using ATLFF method. 
 
        Co-I 
PI Yes No 
Yes 4 3 
No 5 23 
   
The off-diagonal values represent numbers of patients on whom two raters disagree (3 and 5). 
This findings suggest a Cohen’s kappa of 0.36, with an exact p-value of .055. The agreement is 
fair and marginally significant, which can be a result of insufficient number of observations and 
the use of conservative exact p-values. The ICC between the ATLFF function scores was 0.77 
and significant as per 95% CI [0.55; 0.88], which showed good agreement between the two 
raters. The ICC between the ATLFF appearance scores was 0.78 and significant with a 95% CI 
[0.12, 0.92], which indicated good agreement between raters.  
Cronbach's alpha. Cronbach’s alpha for the BTAT was 0.75 (95% CI [0.68, 0.82]), 
which suggests good internal consistency of the instrument. Cronbach’s alphas for the two 
components of ATLFF were computed separately: function scale and appearance scale, as well 
as the total ATLFF. Cronbach’s alpha for function assessment was 0.79 (95% CI [0.73, 0.84]), 
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while Cronbach’s alpha for the appearance assessment was 0.82 (95% CI [0.76,0.86]). The 
overall Cronbach’s alpha of the ATLFF assessment scale was 0.88 (95% CI [0.85, 0.91]). This is 
higher than Cronbach alphas of each of its components most likely because of the increased 
number of items in ATLFF tool compared to the appearance or function scale. Cronbach’s alpha 
increases with the increase of the covariance among the items, but also with the increasing 
number of items (UCLA, 2017).   
Discussion 
 
 Results showed that ankyloglossia prevalence among infants using the ATLFF was 
significantly higher than prevalence of ankyloglossia found using usual nursing tongue 
assessment methods. Specifically, the prevalence of ankyloglossia on the Family-Centered 
Maternity unit at Paoli Hospital was 13.8 % by the PI using the ATLFF compared to the 
prevalence rate of 3.8% by nurses using usual nursing tongue assessment methods, p = .001.  
These findings support ankyloglossia prevalence in the literature as assessed subjectively by 
nurses and by objective measures. Specifically, in a case-control study, Ricke et al. (2005) 
reported a prevalence rate of 4.2% when nurses subjectively assessed for ankyloglossia. In 
addition, in a prospective observational study Gonzalez Jimenez et al. (2014) reported a 12.1% 
prevalence rate using the Coryllos Classification and the evidence-based ATLFF-SF to assess for 
infant ankyloglossia.  
In addition, no significant differences were found between the BTAT and ATLFF when 
assessing ankyloglossia prevalence, which suggests that the BTAT identifies a similar number of 
cases of ankyloglossia compared to the ATLFF. The sensitivity (77.8%) and specificity (91.1%) 
of the BTAT also compared favorably to the ATLFF. The BTAT will miss 22% of true positive 
cases relative to the ATLFF, but has a lower false positive rate at 8.9%. Findings also indicate 
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good agreement between the two raters despite a small sample size. The findings from the 
Cronbach’s alpha for the BTAT of 0.75 (95% CI [0.68, 0.82]) compares favorably with Ingram 
et al. (2015) findings, who reported a Cronbach's alpha for the BTAT at 0.71 (95% CI [0.64, 
0.77]).   
 For the ATLFF, the Cronbach’s alpha for function items was 0.79 (95% CI [0.73, 0.84]), 
while Cronbach’s alpha for the appearance items was 0.82 (95% CI [0.76, 0.86]). The overall 
Cronbach’s alpha of the ATLFF assessment scale was 0.88 (95% CI [0.85, 0.91]). However, 
Amir et al. (2006) reported lower Cronbach's alpha values of 0.51 and 0.75 for function items 
and appearance items, respectively. The authors stated there was discrepancy in the items 
evaluating infant sucking function, which may have contributed to the lower value.  
These results offer supportive evidence that the BTAT is a reliable tool, with sensitivity 
and specificity that compares favorably to the “gold standard” ATLFF to identify ankyloglossia 
cases among newborns. Since the nurses identified fewer cases of ankyloglossia using usual 
nursing tongue assessment methods compared to the ATLFF-rated infants and the BTAT 
compared favorably to the ATLFF, incorporation of the BTAT (which is easier to use) into 
nursing practice could help the nurses identify more cases of ankyloglossia on the maternity unit 
at Paoli Hospital. In addition, nursing tongue assessment using the BTAT may provide more 
timely identification, and facilitate appropriate referrals of accurately diagnosed infants with 
ankyloglossia for possible frenotomy to ultimately improve overall breastfeeding outcomes. 
Early identification could also allow time for anticipatory guidance for parents and may improve 
parental satisfaction.  
Lastly, investigators should consider the infant’s age and temperament at time of tongue 
assessment. The suck, swallow, breathe pattern of the infant can be uncoordinated in an infant 
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born prematurely or shortly after birth as the ATLFF function score may be lower as the infant 
stabilizes. Infant temperament may also account for differences in the investigators’ scores as the 
same infant may be alert and cooperative for first investigator and sleepy or fussy for second 
investigator. Furthermore, having three or more investigators may help to improve systematic 
differences in tongue assessment scores.  
As a result of the findings of this project, a tongue assessment protocol for nurses could 
be developed at Paoli Hospital where nurses would use an evidence based tool (BTAT) to assess 
for ankyloglossia. Incorporating the BTAT into the EMR may be an efficient method to educate 
the nurses to use the tool during their exams. Further, a formal tongue assessment protocol may 
promote early ankyloglossia identification and supports the American Academy of Pediatrics, 
World Health Organization, and the United States Breastfeeding Committee guidelines to 
empower mothers in their decision to breastfeed and sustain exclusive breastfeeding for at least 
six months (AAP, 2012; USBC, 2016).  
Strengths and Limitations 
 
 The limitations of this project were 1) lack of diversity, as this project assessed infants at 
one hospital; 2) there may have been selection bias due to convenience sampling, time of year 
the project was conducted, and patient census; and, 3) small sample size measured by both 
investigators comparing the ATLFF and BTAT. Strengths of this project included early 
identification of ankyloglossia before hospital discharge using an evidenced-based tool. Results 
provided data on the accuracy of the BTAT. Since the BTAT compared favorably with the 
ATLFF, is easy to use, and can be easily taught to nurses, it could help nurses identify more 
cases of ankyloglossia to improve breastfeeding outcomes. 
Conclusions 
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 This PDSA project determined that the ATLFF detects significantly more cases of 
ankyloglossia than usual nursing tongue assessment methods at Paoli Hospital, and that the 
BTAT is a reliable tool that compares favorably to the ATLFF. The BTAT is easily taught to 
others so that nurses could use this tool to identify ankyloglossia in newborns before hospital 
discharge. Suggested future study includes comparing ankyloglossia prevalence determined by 
nurses at Paoli Hospital before and after using the BTAT at the Family-Centered Maternity Unit. 
In addition, a longitudinal study could be conducted to follow infants identified with 
ankyloglossia to determine breastfeeding duration rates after treatment. The findings of this 
project could contribute to the ultimate goal of preventing early breastfeeding cessation by early 
identification of ankyloglossia at Paoli Hospital, which may in turn empower mothers to 
breastfeed their infants and achieve the goals set forth by the American Academy of Pediatrics 
(AAP, 2012) and the United States Breastfeeding Committee (USBC, 2016).   
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Appendix A-  The Modified Coryllos Classification 
 
Type  Superior  
Attachment  
Inferior  
Attachment  
Characteristics of  
frenulum 
1 or 100% TT Anterior or at the tip 
of tongue, < 2 mm 
from tip 
Alveolar ridge or 
infrequently base of 
ridge  
May be thin or thick 
and restricted or 
elastic 
2 or  75%  TT Anterior but just 
behind tongue tip 2-5 
mm from tip 
Alveolar ridge or 
base of ridge/ floor of 
mouth 
May be thin or thick 
and restricted or 
elastic 
3 or  50%  TT Mid tongue 6-10 mm 
from tip 
Base of alveolar 
ridge/  floor of mouth 
May be thin or thick 
but less restricted and 
more free tongue 
4 or  25%  TT Posterior tongue  
11-15 mm  
Floor of mouth/ base 
of alveolar ridge/ on 
ridge 
May be thin or thick 
but less restricted and 
more free tongue 
5 or submucosal TT Posterior tongue 
> 15 mm 
Floor of mouth/ base 
of alveolar ridge 
Usually thin and 
shiny (when tongue 
elevated) 
From Todd and Hogan 2015. 
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Appendix B - The Kotlow Criteria 
 
 
Tongue-tie Groups  Distance - length of frenulum from tip of tongue  
Normal tongue/ sublingual frenulum 16 mm 
Mild  12-16 mm 
Moderate  8-11 mm 
Severe   3-7 mm 
Complete < 3 mm 
From Puapornpong et al. 2014 
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Appendix C - The Frenulum Function Protocol 
 
Breastfeeding History SCORE 
Family History no (0) 
 
Yes (1) 
WHO:  
 
Feeding Interval 3 hours (0) 2 hours (0) 1 hour or less (2)  
Tires Easily no (0) yes (1)  
Sucks and Sleep no (0) yes (1)  
Slips off nipple no (0) yes (1)  
Chews nipple no (0) yes (2)  
Score Interpretation Best score (0) Worst score (8)  
Anatomy Function SCORE 
Lips at rest closed (0) half-open (1) open (2)  
Tongue position, crying midline (0) elevate (1) Midline sides 
elevated (2) 
down (2)  
Tongue shape when 
elevated, crying 
round (0) y-shaped (1) heart-shaped (3)  
Visibility of Frenulum visible not visible visible w/ manuever *  
Frenulum Thickness thin (0) thick (1)  
Frenulum Attachment to 
Tongue 
midline (0) between midline + 
apex (1) 
apex (3)  
Frenulum Attachment to 
Floor of Mouth 
visible from caruncles  (0) visible from crest (1)  
Score Interpretation Good score (0) Worst score (12)  
Non-nutritive suckling (observe suck swallow while infants sucks on gloved finger) 
SCORE 
Tongue Movement  Adequate: tongue protrudes, coordinated suck/swallow (0) 
Inadequate: No protrusion, uncoordinated suck/swallow (1) 
 
Nutritive suckling  (observe breastfeeding for five minutes) 
SCORE 
Suck Swallow Cycle adequate: well coordinated (0) 
Inadequate: poorly organized pattern (1) 
 
Suction + Rhythm several sucks in a row (0) few sucks + long pauses (1)  
Nipple chewing 
no (0) yes (2)  
Clicking while suckling no (0) non-systematic (1) frequent (2)  
Score Interpretation Good score (0) Worst Score (7)  
* Manuever: elevate and push back the tongue.  
Combined scores of history + clinical examination =  best result (0) or worst result (27). If sum of history + clinical 
examination ≥ 9, lingual frenulum function is altered.  
From Marinelli et al. 2012. 
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Appendix D - The Assessment Tool for Lingual Frenulum and Function 
 
Appearance of tongue when lifted 
2 - Round or square 
1 - Slight cleft in tip  
0 - Heart shaped 
Lateralization 
2 - Complete  
1 - Body of tongue but not tongue tip 
0 - None  
Elasticity of frenulum 
2 - Very elastic (excellent) 
1 - moderately elastic 
0 - Little or no elasticity 
Lift of tongue 
2 - Tip to midmouth 
1 - Only edges to midmouth 
0 - Tip stays at alveolar ridge or rises to 
midmouth only with jaw closure 
Length of lingual frenulum 
2 - > 1 cm or embedded in tongue 
1 - 1 cm 
0 - < 1 cm 
Extension of tongue 
2 - Tip over lower lip 
1 - Tip over lower gum only  
0 - Neither of above or anterior or 
midtongue humps 
Attachment of lingual frenulum to tongue 
2 - Posterior to tip 
1 - At tip 
0 - Notched tip 
Spread of anterior tongue 
2 - Complete  
1 - Moderate or partial 
0 - Little or none 
Attachment of lingual frenulum to inferior 
alveolar ridge 
2 - Attached to floor of mouth or well below ridge      
1 - Attached just below 
0 - Attached at ridge 
Cupping 
2 - Entire edge, firm cup 
1 - Side edges only, moderate cup 
0 - Poor or no cup 
 Peristalsis 
2 - Complete, anterior to posterior from 
tip 
1 - Partial, originating posterior to tip 
0 - None or reverse peristalsis  
 Snapback 
2 - None  
1 - Periodic 
0 - Frequent or with each suck 
14 = Perfect Function Score  
11 = Acceptable Function if appearance score is 10 
< 11 = Function impaired, frenotomy recommended if lactation management not effective.  
From Amir et al. 2006 
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Appendix E - The Bristol Tongue Assessment Tool (BTAT) 
 
 0 
 
1 2 Score 
Tongue tip 
appearance 
Heart shaped Slight 
cleft/notched 
Rounded  
Attachment of 
frenulum to 
lower gum 
ridge 
Attached at top 
of gum ridge 
Attached to 
inner aspect of 
gum 
Attached to 
floor of mouth 
 
Lift of tongue 
with mouth 
wide (crying) 
Minimal tongue 
lift 
Edges only to 
mid-mouth 
Full tongue lift 
to mid-mouth 
 
Protrusion of 
tongue 
Tip stays 
behind gum 
Tip over gum Tip can extend 
over lower lip 
 
 From Ingram et al. 2015. 
  
IDENTIFYING ANKYLOGLOSSIA 
 
3.19.2018   
59 
Appendix F- Informed Consent 
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Appendix G - Data Collection Checklist  
 
DATE 
ROOM CONSENT PT ID DEMO. 
DATA 
ATLFF  BTAT  Nursing 
Assessment 
Qualtrics 
203        
204        
205        
206        
207        
208        
209        
210        
211        
212        
213        
214        
215        
216        
217        
218        
219        
220        
221        
223        
225        
226        
227        
228        
229        
230        
231        
232        
233        
234        
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Appendix H - Demographic Survey 
 
Date of survey _________________      Patient ID# __________ 
 
1. What is your age? ________ years  
2. What is your race?  Circle all that apply: African-American, Black, Asian, American Indian, Hispanic/Latina, White,  
other ____________________ 
3.  What is your marital status?  Circle answer: single, live with partner, married, separated, divorced, widowed.  
4. What is your highest level of education? Circle answer: grade school (1-8), middle school (9-10), attended high 
school, GED, high school diploma, trade school, some college, associate degree, four your college graduate, 
attended graduate school, master degree, post-master, attended doctoral program, doctoral degree, post-
doctorate. 
5. What is your employment status? Circle answer: not employed, part-time, full-time 
6. What is your annual household income before taxes?  Circle answer:  
<$20,000; $20,000 - $29,000; $30,000 - $49,000; $50,000 - $99,000; $100,000 - $149,000, > $150,000 
 
7. What type of insurance do you have? Circle answer: Self-pay, Medicaid, Commercial insurance/ Private Insurance, 
Affordable Care Act insurance  
8. How was your baby delivered? Circle answer: natural vaginal birth, vaginal birth with epidural, c-section, VBAC, 
forceps, vacuum 
9. How many pregnancies have you had?  ________ How many live births? _____________  
10. How far along were you in your pregnancy in weeks when you delivered? ________________ 
11. Infant gender (circle one):  Male, Female 
12. How are you feeding your infant?  Circle answer:  Breastfeeding, Formula, Both 
13. Does anyone in the infant's family have/had a tongue-tie (piece of tight tissue under the tongue)? Yes or No 
If yes, then who? Circle answer(s): father, mother, brother, sister, paternal grandfather/grandmother, paternal 
uncle/aunt, maternal grandfather/grandmother, maternal uncle/aunt, other____________________________ 
14. Are you currently experiencing latch pain when your baby is latched onto the breast? YES or NO  
If yes, rate pain- Pain scale 0-10 (0 represents no pain, 10 represents the worst pain ever experienced) _______/10 
15. Are you currently having trouble with latching your baby? (For example, latching takes a long time, baby slips on 
and off, baby is not continuously sucking, mother needs to pump since infant is not latching) YES or NO 
16. Infant age at time of tongue assessment:  _______hours or days  
17. Today's infant weight, in kg  ____________
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Appendix I- Tongue Assessment Brochure 
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Table of Evidence 
Study  Purpose/ 
Hypothesis 
Design Sample/Setting Results Strengths/ 
Limitations 
 
Conclusions 
Amir et al. 
(2006) 
To assess inter-
rater reliability 
of ATLFF 
 
Theoretical 
framework:  
None 
 
Hypotheses: 
1) 2 assessors 
will give infants 
referred for TT 
similar rec. for 
release based 
on ATLFF with 
IRR @ least 
0.75 Kappa.  
2) 2 assessors 
will give normal 
infants similar 
rec. based on 
the ATLFF with 
IRR @ least 0.6 
Kappa. 
 
9/2004-4/2005 
Inter-rater reliability 
study 
 
2 different assessors 
using ATLFF evaluated 
TT infants 
independently before 
a feeding.  
 
 
Sample:  
N=58 infants, 
convenience sample. 
N=25 control 
No mention of 
exclusion/inclusion 
criteria, just infants with 
and without TT.  
 
Maternal demographic 
info not provided. 
Setting:  
BESS at 
Royal Women's 
Hospital, Melbourne, 
Australia.  
 
Age range: 1-84 days 
Mean: 17 days 
Median: 10 days 
Male: 32/57, 1 missing 
25 control infants: age 
range 7-55 days, mean 26 
days, median 22 day 
 
Power analysis: assuming 
kappa of 75%, precision 0.2, 
sample size predicted to be 
N=48, planned to recruit 50 
infants with TT and 50 
control 
 
Reliability of each ATLFF 
item:  
Appearance scores: 0.4-0.6 
kappa- moderate reliability, 
p <.01  
Function scores: first 3 
items 0.65 kappa, p <.01, 
but last 4 function scores 
received low Kappa results 
and p >.05 
96% agreement between 
assessors for frenotomy.  
Assessment of items of 
ATLFF:  
Function Items: Cronbach’s 
alpha was 0.507, low, but 
when 4 non-stat. sig items 
Strengths:  
-Answered research 
questions.  
-High Kappa once 
ATLFF function items 
were adjusted.  
- training  
- studied a tool to use 
for TT dx.  
 
Limitations: 
-Did not meet control 
sample of 50, only 25. 
- no inclusion/ 
exclusion data 
-small sample size 
-no demographic  
data  
-missing data not 
discussed  
 
 
 
 
Rec. tongue 
function score of 
ATLFF to include 
the first three 
with a cut-off 
score of ≤ 4 for 
frenotomy rec.  
(Short-form).  
Appearance 
items remained 
the same.  The 
changes rec. 
based on 
reliability tests.   
ATLFF has high 
reliability in a 
study of infants 
with TT and 
control group.   
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Study  Purpose/ 
Hypothesis 
Design Sample/Setting Results Strengths/ 
Limitations 
 
Conclusions 
were removed, Cronbach's 
alpha improved to 0.787. 
New function score 0-6 and 
refer for frenotomy with 
score of 4 or less.  Controls 
scored 5 or 6. New function 
score cut-off at 4- refer for 
frenotomy. Area under the 
ROC= 0.9948.  
No change in kappa stat. 
with ATLFF-SF (0.92).  
Ingram et al. 
(2015) 
 
To produce a 
simple, 
consistent tool 
to assess 
infants' tongue 
appearance 
and function 
with tongue-tie 
 
Theoretical 
framework:  
N/A 
 
No hypothesis. 
July 2012- November 
2013  
Reliability study on 
the development of a 
tongue assessment 
tool to assist in TT 
identification.  
 
BTAT created out of 
the feasibility trial 
(Emond et al., 2014).  
BTAT created from 
ATLFF and includes:  
Scores 0-8, 0-3 
indicates severe 
reduction of tongue 
function.    
Paired infant 
examiners rated 
infants 
independently. 
Blinded. 8 assessors 
Sample:  
n=224 newborns  
ATLFF-SF.  
age range: 0-79 days. 
mean age 17 days, 
convenience sample.   
 
Maternal demographic 
info not provided. 
 
Setting:  
Southmead Hospital, 
Bristol UK 
 
224 infants had BTAT 
scores. 
126 infants had ATLFF-SF 
and BTAT scores. 
33 infants had 2 assessor 
evaluations.  
 
BTAT was examined using 
Factor Analysis.   
1. Cronbach's alpha for 
internal consistency of 
BTAT items = 0.71.  
2. Pearson's correlational 
coefficient used to measure 
strength of assoc. between 
BTAT and ATLFF-SF= 0.89.  
3. Intraclass correlation 
coefficient assess 
consistancy of BTAT scores 
obtained by paired 
assessors = 0.76.   
 
Strengths:  
-training  
-BTAT correlated well 
with ATLFF 
-BTAT can assess TT. 
- BTAT can rec. 
frenotomy    
- new tool available 
for additional study 
 
Limitations:  
-limited demo.data 
- no 
inclusion/exclusion 
data  
-Small number of 
multiple comparisons 
between midwives.   
- Relationship 
between BTAT and BF 
duration not 
explored.  
Conclusions:  
BTAT provides 
an objective, 
clear and simple 
measure of the 
severity of TT 
and informs the 
need for 
frenotomy.  Easy 
to use and 
teachable to 
other LCs.   
 
Assessment and 
division of TT for 
select infants 
should be part 
of usual care 
which supports 
the initiation 
and 
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Study  Purpose/ 
Hypothesis 
Design Sample/Setting Results Strengths/ 
Limitations 
 
Conclusions 
were used and paired 
for infant evaluations. 
Infants only evaluated 
twice.   
Assessors were 
interviewed on 
experiences of using 
BTAT- qualitative 
piece. 
Qualitative interview: 
themes- ease of use to 
confirm dx; BTAT helps with 
explanation to parents; 
teaching it to others.   
 
 
maintenance of 
BF.   
 
Frenotomy 
timing studies 
are needed. 
Jimenez et 
al. (2014) 
To determine 
the prevalence 
rate in 
newborns in 
Principalities of 
Asturias, Spain 
 
Theoretical 
framework:  
N/A 
 
Hypothesis:  
None 
 
6/2012 - 8/2012 
Prospective 
observational study 
 
Researchers 
examined newborns 
using Coryllos and 
ATLFF-SF used to 
diagnosis TT.  Six 
hospitals participated.  
 
Examined newborns 
Sundays, Tuesdays, 
and Saturdays.   
 
 
Sample:  n= 677, 82 
infants met criteria for 
TT, convenience sample  
 
Exclusion: < 34 weeks 
gestation and wt < 1500 
g 
 
Setting:  
Asturias, Spain 
Sample size calculation: est. 
sample size = 625 
newborns based on 2% 
prevalence rate, precision 
1.2-1.8% and 95% CI.   
 
82/677- 12.11% prevalence 
rate (95% CI 9.58-14.64); 
62% male, 57% normal 
delivery, 37% instrumental 
delivery, 6 % C-section,  
family h/o 1 in 4 newborns 
(86% first degree relative). 
Strengths: 
- power analysis 
- training  
- prevalence  
 
Limitations: 
- no hypothesis 
- no inferential stats. 
-inter-observer 
variability, prevalence 
disparity  
- data management 
not discussed 
- lack of follow up 
 
 
Coryllos allowed 
for identification 
of Types III and 
IV by means of 
tongue 
palpation, but 
need function as 
well as type. 
Type IV- most 
difficult to 
diagnose. 
  
Calculated 
prevalence was 
greater than 
expected. 
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Study  Purpose/ 
Hypothesis 
Design Sample/Setting Results Strengths/ 
Limitations 
 
Conclusions 
Madlon-Kay 
et al. 
2008 
 
Describe 
ATLFF scores in 
series of 
newborns. 
 
Determine IRR 
of oral 
examinations 
using the 
ATLFF.  
 
Theoretical  
framework:  
none 
 
Hypothesis: 
none  
10/1/2000 - 5/1/2002 
Prospective case 
series 
 
Researchers 
examined newborn 
infants in the nursery 
using the ATLFF to 
assess for TT.   
Sample:  
n=148 infants, 
convenience sample  
 
Setting:  
Regions Hospital, 420-
bed community hospital 
in St Paul, Minnesota, 
USA 
 
scores of ATLFF:  
40 infants- perfect score 
5 infants - acceptable  
19 infants- function 
impaired 
79 infants- no category 
 
IRR- moderate @ 0.44 
Kappa 
Strengths: 
- training 
- staff communication 
of study 
- used a tool to 
identify TT 
Limitations: 
- no hypothesis 
- no demographic 
data 
-lacked inclusion/ 
exclusion info.  
- no power analysis 
- data management 
not discussed 
-ATLFF did not 
classify 55% of infants 
in study 
 
Further research 
in the 
development 
and testing of a 
useful tongue 
assessment tool 
is needed when 
TT babies have 
difficulty with 
BF.   
Martinelli 
et al. (2012) 
To present an 
efficient and 
reliable lingual 
frenulum 
protocol with 
infant scores.  
Theoretical 
Framework: 
N/A 
 
Hypothesis:  
none  
2010  
Descriptive 
observational study: 
Lingual Frenulum  
Protocol Model 
 
Infants were 
evaluated using the 
newly revised 
frenulum protocol 
after a pilot study.  
 
One speech-language 
pathologist evaluated 
all infants. 
n=100 full term infants.  
 
No maternal or infant 
demographic data 
given.  
 
Setting:  
Sao Paulo, Brazil, 
hospital not mentioned.  
All steps of the protocol 
were recorded and 
photographed.  Collected 
information sent to 2 
specialists in the area (no 
mention of expertise and 
qualifications).  
Chi-square, Fisher's exact 
test.  No Cohen's kappa or 
Cronbach's alpha 
calculated. 
Strengths:  
- combined TT 
protocol assessing 
feeding and anatomy 
- objective option to 
evaluate TT 
- content validity 
obtained by the 
addition of the two 
experts 
 
Limitations: 
- only had 2 experts 
evaluate Protocol (for 
content validity need 
3+ experts).  
Newly designed 
protocol 
available for 
health care 
professionals to 
use to dx TT.  
 
Further research 
needed for 
reliability and 
validity testing.  
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Study  Purpose/ 
Hypothesis 
Design Sample/Setting Results Strengths/ 
Limitations 
 
Conclusions 
-No Cohen's Kappa 
for inter-rater 
reliability 
-No Cronbach's alpha 
for internal 
consistency 
- lack of demographic 
data 
- lack of training and 
expertise of two 
evaluators  
Ricke et al. 
(2005) 
To determine: 
whether 
breastfed 
infants with TT 
have decreased 
rates of BF at 1 
week and 1 
month,  
prevalence of 
TT, and to  test 
ATLFF in 
assessing for 
TT.  
 
Theoretical 
framework: 
N/A  
 
Hypothesis:  
none 
10/2000- 5/2002 
Case-control study 
Newborn infants 
were evaluated with 
ATLFF for TT, 2 
breastfeeding infants 
were matched with 1 
TT infant. 
 
Mothers interviewed 
when infants 1 week 
and 1 month old.    
Training: Hazelbaker 
came to Regions 
Hospital to show 
researchers how to 
use ATLFF and was 
recorded.  No 
timeframe given.  
 
No power analysis.   
Sample: n= 3,490 
infants in newborn 
nursery, n= 148 with TT.  
 
Setting:  
Regions Hospital, 420-
bed community hospital 
in St Paul, Minnesota, 
USA 
 
Prevalence= 148/3490, 
4.24% 
103 TT infants, male; 
45 TT infants, female.  
Strengths:  
- prevalence  
- tool used dx 
ankyloglossia 
- IRR  
- RR showed risks of 
early BF cessation 
 
Limitations:  
- attrition 
- researchers did not 
examine all infants 
with ATLFF initially, 
only as follow up 
confirmation 
- sample of infants 
used for IRR not clear 
ATLFF unable to 
categorize all 
newborns with 
TT.  
 
Need a tool to 
diagnosis TT.  
 
ATLFF did not 
identify infants 
at risk for BF 
difficulty.  
 
ATLFF: The Assessment Tool for Lingual Frenulum Function; BESS: Breastfeeding Education and Support Services; BF: Breastfeeding; BTAT: Bristol Tongue 
Assessment Tool; ICC: inter-class correlation; IRR: inter-rater reliability; TT:  tongue-tie 
